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(54) Magnetic levitation rotating machine

(57) A magnetic levitation rotating machine is pro-
vided which can stably detect the displacement and ro-
tating speed of a rotator and, at the same time, can re-
duce the size of the whole apparatus, that is, can render
the whole apparatus compact. The magnetic levitation
rotating machine for supporting a rotator in a levitated
state by magnetic force of an electromagnet or a per-

manent magnet comprises: a position detection plane
provided in the rotator and a concave and/or a convex
provided in the plane; a displacement sensor provided
on the fixed side, for detecting the displacement of the
plane including the concave or the convex; and a detec-
tion mechanism for detecting the displacement of the
rotator and the rotating speed of the rotator from the out-
put of the displacement sensor.
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Description
BACKGROUND OF THE INVENTION
Field of the Invention:

[0001] The present invention relates to a magnetic
levitation rotating machine which performs levitation
support control of a rotator, provided with a magnetic
material as an object to be controlled, so as for the ro-
tator to be supported in a levitated state at a desired
position in a noncontact manner through the utilization
of magnetic attraction force or magnetic repulsion force
generated by an electromagnet or a permanent magnet.
More particularly, the present invention relates to a de-
tection mechanism for detecting the axial displacement
and the rotating speed of the rotator.

Description of the Related Art:

[0002] FIG. 10is a diagram showing a general exam-
ple of the construction of a conventional magnetic bear-
ing mechanism, and FIG. 11 is a diagram showing an
example of the construction of a control unit for perform-
ing levitation support control of the magnetic bearing. In
the magnetic levitation rotating machine, a rotator R is
driven and rotated by a motor in a noncontact manner,
and, in addition, is supported in a levitated state by a
radial magnetic bearing and a thrust magnetic bearing.
The rotator R is provided with a target member 21 of a
magnetic material, and is supported in a levitated state
at a radial target levitation position by controlling mag-
netic attraction force generated from a radial support
electromagnet 20. A radial displacement sensor 11 is
provided near the electromagnet 20. The radial dis-
placement sensor 11 measures the radial displacement
(location) of a target magnetic material 19 provided in
the rotator R. Further, the rotator R is provided with a
thrust disk 18 formed of a magnetic material, and an ax-
ial levitation support electromagnet 15 for the rotator R
is disposed so as to sandwich the thrust disk 18 thereby.
The rotator R provided with the thrust disk 18 is support-
ed in the levitated state at an axial target levitation po-
sition by controlling magnetic attraction force generated
from the axial levitation support electromagnet 15.

[0003] A target 16, formed of a magnetic material, for
a position sensor is provided at the shaft end of the ro-
tator R, and an axial displacement sensor 13 for the ro-
tator R is provided on the fixed side to measure the axial
displacement of the rotator R. The rotator R is provided
with a rotating speed detection disk 17, and a rotating
speed detection sensor 14 is provided on the fixed side
in its position near the rotating speed detection disk 17.
Here all the displacement sensors 11, 12, 13 are sen-
sors utilizing such a phenomenon that magnetic char-
acteristics are changed in response to the displacement
of a target (magnetic) material, such as an eddy current
sensor or an inductance sensor. The rotating speed de-
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tection disk 17 has a concave or a convex, and passage
through the concave or the convex is detected by a dis-
placement sensor utilizing the same magnetic proper-
ties as described above to detect the rotating speed. In
the example of the construction of the conventional
magnetic bearing mechanism shown in FIG. 10, two
sensors 11, 12 for detecting the radial displacement are
shown. In fact, however, two additional sensors are dis-
posed in a direction perpendicular to the paper surface.
The sensors can detect a coordinate position within a
plane perpendicular to the rotating shaft of the rotator.

[0004] In the prior art, as shown in FIG. 11, the axial
displacement sensor 13, the rotating speed detection
sensor 14, and the axial levitation support electromag-
net 15 are disposed in a hierarchical structure manner
on the fixed side of the magnetic bearing mechanism
along the axial direction of the rotator R. As shown in
FIG. 11, a signal, on the axial position (displacement) of
the rotator R, obtained by the axial displacement sensor
13 is sent through a sensor signal processor 23 and a
compensation circuit 24 provided within the control unit
to an exciting current output amplifier 25 that outputs
exciting current which is then supplied to the axial levi-
tation support electromagnet 15 to perform excitation,
whereby the rotator R is controlled so as to be levitated
and supported at an axial predetermined position. Like-
wise, the output of the rotating speed detection sensor
14 is input into a rotation sensor signal processor 26,
provided within the control unit, where the rotating
speed is computed. The rotating speed value thus ob-
tained is compared with a target rotating speed in a ro-
tating speed controlling unit 27, and a current for driving
the motor is supplied from an inverter 28 to the motor
(not shown in FIG. 10) so that the rotating speed is
brought to a predetermined value.

[0005] A greatfeature of the magnetic levitation rotat-
ing machine, wherein a rotator is supported in a levitated
state by the above-described series of magnetic levita-
tion controls, is such that the rotator, even when located
at any position, is supported in a levitated state and ro-
tated in a noncontact manner. Therefore, a noncontact
rotating speed detection system should also be used in
rotating speed detection means at the time of the appli-
cation of rotating force by an induction machine or a syn-
chronous machine.

[0006] Specifically, in addition to a displacement sen-
sor element for levitation position detection for perform-
ing levitation support control of the rotator, a rotating
speed detection sensor element should be installed. In
the conventional techniques, however, as with the dis-
placement sensor for position detection for magnetic
levitation control, rotating speed detection sensors of an
eddy current type, induction type, or inductance type,
which is an electromagnetic detection method, have
been generally used. When the electromagnetic sensor
of the conventional type is used, however, for some me-
chanical arrangement of the sensors, a mutual electro-
magnetic interference phenomenon occurs. Therefore,
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the rotating speed detection sensor element and the dis-
placement sensor element for position detection should
be provided while leaving a space therebetween.
[0007] Thatis, in order to operate the above structure
without any electromagnetic trouble, in FIG. 10, a cer-
tain space should be provided between the axial dis-
placement sensor 13 and the rotating speed detection
sensor 14 and between the rotating speed detection
sensor 14 and the axial levitation support electromagnet
15. Therefore, there is a limitation on a reduction in size
of the shaft end portion in the magnetic bearing mech-
anism.

[0008] Further, in the conventional system, as shown
in FIG. 10, in the detection of the rotating speed, a meth-
od has been used wherein a rotating speed detection
disk 17 partially provided with a notch is provided at the
shaft end of the rotator and the disk is rotated together
with the rotator and, in this case, when the notch has
passed the front of the rotating speed detection sensor,
a pulse signal synchronized with the rotating speed is
generated. In this method, however, leaked magnetic
flux of the magnetic levitation electromagnet is intro-
duced into a portion around the rotating speed detection
disk 17, and this deteriorates the S/N ratio of the rotating
speed detection sensor signal. For this reason, the dis-
position of the rotating speed detection disk 17, the axial
displacement sensor target 16, and the thrust disk 18
while leaving a certain space among one another is un-
avoidably necessary from the viewpoint of structure.
[0009] As described above, due to the above-de-
scribed restrictions, the noncontact-type rotating speed
detection sensor, based on an electromagnetic princi-
ple, which is provided within the magnetic bearing
mechanism for levitating and supporting the rotator,
should be provided while leaving a certain space, for ex-
ample, from the electromagnet and the displacement
sensor for position detection constituting the magnetic
bearing mechanism. This is an obstacle to a reduction
in size of the whole magnetic bearing mechanism.
[0010] In the rotating speed detection system of the
rotating speed detection sensor, the adoption of a sys-
tem utilizing an optical or other semiconductor sensor,
which is not electromagnetic means, is considered ef-
fective for avoiding some of the above restrictions. Sem-
iconductor sensors, however, are not suitable for appli-
cations of magnetic levitation rotating machines be-
cause they have problems including that semiconductor
sensors are expensive and thus increase the cost, have
low heat resistance, and suffer from complicate incor-
porated structure.

SUMMARY OF THE INVENTION

[0011] The present invention has been made under
the above circumstances, and it is an object of the
present invention to provide a magnetic levitation rotat-
ing machine which can realize stable displacement de-
tection and rotating speed detection of the rotator and,
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in addition, can reduce the size of the whole system,
that is, can render the whole system compact.

[0012] According to one aspect of the present inven-
tion, there is provided a magnetic levitation rotating ma-
chine for supporting a rotator in a levitated state by mag-
netic force of an electromagnet or a permanent magnet,
the magnetic levitation rotating machine comprising: a
position detection plane provided in the rotator and a
concave and/or a convex provided in the plane; a dis-
placement sensor provided on the fixed side, for detect-
ing the position displacement of the plane including the
concave or the convex; and a detection mechanism for
detecting the displacement of the rotator and the rotat-
ing speed of the rotator from the output of the displace-
ment sensor.

[0013] According to this construction, the detection of
the displacement of the rotator and the detection of the
rotating speed can be carried out using a single target
member. Therefore, the structure of the magnetic bear-
ing is simplified, and the size of this site can be reduced.
In addition, the number of necessary components is re-
duced, leading to a reduction in cost.

[0014] Preferably, the displacement of the rotator is
detected by extracting, from the output of the displace-
ment sensor, the output of the displacement of the plane
with the component representing the concave or the
convex being removed therefrom.

[0015] Preferably, the rotating speed of the rotator is
detected by extracting, from the output of the displace-
ment sensor, pulse output corresponding to the concave
or the convex.

[0016] In the magnetic levitation rotating machine,
preferably, at least one pair of the displacement sensors
is disposed at an arbitrary angle to the center of rotation
of the rotator, the detection plane is disposed so as to
face the displacement sensors, the concave and the
convex are disposed so as to correspond to the posi-
tions of the displacement sensors at the same angle as
the arbitrary angle, at which the displacement sensors
are disposed, to the center of rotation of the plane, and
the position displacement and rotating speed of the de-
tection plane are computed from the outputs of the at
least one pair of the displacement sensors and are out-
put to enable the detection of both the displacement of
the rotator and the rotating speed of the rotator.

[0017] The provision of the concave and the convex
in the detection plane permits the axial displacement
and the rotating speed of the rotator to be detected sep-
arately from each other without mutual interference.
[0018] Preferably, the detection plane is disposed in
a thrust disk of a magnetic material which is an object
to be controlled by an electromagnet for axial position
control. This construction can eliminate the need to pro-
vide a disk fixed to the rotator for detecting the rotating
speed and thus can shorten the length of the whole ma-
chine and can reduce the size of the whole machine.
[0019] In summary, according to the present inven-
tion, the rotating speed detection sensor, which has hith-
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erto been an obstacle to a reduction in size, can be sim-
plified. Therefore, the size of the magnetic bearing
mechanism can be reduced and the cost can be re-
duced by virtue of the reduced number of components
necessary for constituting the magnetic bearing mech-
anism.

[0020] The above and other objects, features, and ad-
vantages of the present invention will be apparent from
the following description when taken in conjunction with
the accompanying drawings which illustrates preferred
embodiments of the present invention by way of exam-
ple.

BRIEF DESCRIPTION OF THE DRAWINGS
[0021]

FIG. 1is a cross-sectional view of a magnetic bear-
ing mechanism according to the first embodiment
of the present invention;

FIGS. 2A, 2B, and 2C are respectively a plan view,
an elevational view, and a side view of a detection
disk in FIG. 1;

FIG. 3 is a block diagram of a control unit for axial
displacement and rotating speed in the magnetic
bearing mechanism in FIG. 1;

FIGS. 4A and 4B each are a diagram showing a dis-
placement sensor output signal, FIG. 4C a diagram
showing an add signal output of two displacement
sensors, and FIG. 4D a diagram showing a subtract
output signal;

FIG. 5is a cross-sectional view showing a magnetic
bearing mechanism according to the second em-
bodiment of the present invention;

FIGS. 6A, 6B, and 6C are respectively a plan view,
an elevational view, and a side view of a thrust disk
in FIG. 5;

FIG. 7 is a block diagram of a control unit for axial
displacement and rotating speed in the magnetic
bearing mechanism in FIG. 5;

FIG. 8 is a diagram showing a variation of the mag-
netic bearing mechanism shown in FIG. 5;

FIGS. 9A, 9B, and 9C are respectively a diagram
showing the principal part of the thrust disk shown
in FIG. 8;

FIG. 10 is a cross-sectional view of a conventional
magnetic bearing mechanism; and

FIG. 11 is a block diagram of a control unit for axial
displacement and rotating speed in the magnetic
bearing mechanism in FIG. 10.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0022] Preferred embodiments of the magnetic levita-
tion rotating machine according to the present invention
will be explained with reference to the accompanying
drawings.
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[0023] FIG. 1 is a diagram showing the structure of a
shaft end of the magnetic bearing mechanism according
to the first embodiment of the present invention, FIG. 2
a diagram showing the construction of a detection disk,
and FIG. 3 a block diagram showing the construction of
a control unit.

[0024] According to this embodiment, a displacement
detection-rotating speed detection disk 30 is provided
at the shaft end of a rotator R to detect the axial dis-
placement and rotating speed of the rotator R. Axial de-
tection displacement sensors 31, 32 are disposed on the
fixed side of the magnetic bearing mechanism so as to
face this detection disk 30. In the displacement detec-
tion-rotating speed detection disk 30 provided at the
shaft end of the rotator R, as shown in FIG. 2, a flat de-
tection plane 33 is provided, and a convex 34 and a con-
cave 35 are disposed on the detection plane radially
symmetrically with respect to the center of the disk. Like-
wise, axial detection displacement sensors 31, 32 are
provided on the fixed side at respective positions that
are radially symmetrical with respect to the center of the
shaft. The other construction is the same as that of the
prior art shown in FIG. 10. That s, a radial support elec-
tromagnet 20, a radial position detection displacement
sensor 11, and an axial support electromagnet 15 are
provided on the fixed side, and target members 21, 19
formed of a magnetic material and a thrust disk 18 are
provided on the rotator side.

[0025] FIG. 3is ablock diagram showing a control unit
in the magnetic levitation rotating machine. The signal
output from the axial detection displacement sensor 31
and the signal output from the axial detection displace-
ment sensor 32 each are input into a position displace-
ment signal extractor 41 and a rotating speed signal ex-
tractor 42. Here the position displacement signal extrac-
tor 41 is an add circuit, and the rotating speed signal
extractor 42 is a subtract circuit. The signal outputs from
the axial detection displacement sensors 31, 32 are
added in the position displacement signal extractor 41,
and are subtracted in the rotating speed signal extractor
42.

[0026] The signal is divided by the position displace-
ment signal extractor 41 and the rotating speed signal
extractor 42 within the control unit shown in FIG. 3 into
a rotating speed detection signal and a position dis-
placement detection signal. When the rotator R is being
rotated in a levitated state at a certain position in the
axial direction, as shown in FIGS. 4A and 4B, the signals
detected by the axial displacement sensors 31, 32 are
pulse signals that are opposite to each other in phase
on the time-axis and indicate the width in the circumfer-
ential direction and the depth in the thicknesswise direc-
tion of the concave and convex 34, 35 provided in the
detection disk 30. For the DC (direct current) component
of each signal, a signal indicating the spacing (gap
length) between the flat detection plane 33 and the axial
detection displacement sensor is output.

[0027] In the interior of the control unit shown in FIG.
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3, the signals output from the axial detection displace-
ment sensors 31, 32 are input respectively into the po-
sition displacement signal extractor 41 as the add circuit
and the rotating speed signal extractor 42 as the sub-
tract circuit. In the position displacement signal extractor
41, as shown in FIG. 4C, both the outputs of the sensors
31, 32 are added, and this offsets pulse signals, corre-
sponding to the concave and the convex shown in FIGS.
4A and 4B, against each other. Therefore, a signal cor-
responding to the distance (displacement) of the plane
33 of the detection disk 30 from the displacement sen-
sors 31, 32 is output from the position displacement sig-
nal extractor 41.

[0028] In the rotating speed signal extractor 42, both
signal outputs of the displacement sensors 31, 32 are
subjected to subtract processing. Therefore, as shown
in FIG. 4D, the distance from the displacement sensor
31 to the plane 33 and the distance from the displace-
ment sensor 32 to the plane 33 are subjected to subtract
processing to give a value of zero, and, for the pulse
outputs, signals of the concave and the convex are sub-
jected to subtract processing. Therefore, as shown in
FIG. 4D, a pulse output having 2-fold height is obtained.
Therefore, for the signal output from the rotating speed
signal extractor 42, only the rotating speed signal com-
ponent with the displacement signal component being
zero is extracted as a pulse signal.

[0029] The displacement signal extracted in the posi-
tion displacement signal extractor 41 is passed through
a displacement sensor signal processing circuit 23, a
compensation circuit 24, and an exciting current ampli-
fier 25, as described above in connection with the con-
ventional signal processing circuit shown in FIG. 11, to
regulate an exciting current of the axial electromagnet
15 which is then used in the control of the axial levitation
position of the rotator. Likewise, the rotating speed sig-
nal extracted in the rotating speed signal extractor, as
with the prior art technique, is passed through a rotation
sensor signal processor 26, a rotating speed controller
27, and an inverter 28 and is used in the control of the
rotating speed of the motor.

[0030] For the displacement signal output from the
position displacement signal extractor 41 and the rotat-
ing speed signal output from the rotating speed signal
extractor 42, the signal processing process after the out-
put is the same as that in the conventional system. Spe-
cifically, the displacement signal is passed through the
displacement sensor signal processor 23, the compen-
sation circuit 24, and the exciting current amplifier 25
and is input into the axial electromagnet 15 to axially
control levitation support of the rotator. That is, the sig-
nal detected in the position displacement signal extrac-
tor is subjected to predetermined signal processing in
the displacement sensor signal processing circuit 23
within the control unit, and this signal is input into the
phase compensation circuit 24 wherein phase compen-
sation is carried out so as to stabilize the control system
of the whole magnetic bearing system, followed by input
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into the exciting current output amplifier 25. The exciting
current output amplifier supplies an exciting current to
the electromagnet so as to generate electromagnetic
force for supporting the rotator in a levitated state. The
rotating speed signal is passed through the rotating sen-
sor signal processor 26 and the rotating speed control
unit 27, and is input into the inverter 28 to excite the
motor, thereby controlling the rotating speed of the ro-
tator.

[0031] According to the present invention, the detec-
tion mechanism for detecting the rotating speed and de-
tecting the levitation position (displacement) of the rota-
tor has been simplified so as to be constituted by two
axial detection displacement sensors 31, 32, a displace-
ment detection-rotating speed detection disk 30, and
signal processing circuits 41, 42. Unlike the convention-
al system, this can eliminate the need to provide, on the
fixed side of the magnetic bearing mechanism in a hier-
archical structure manner, the axial position detection
displacement sensor and the rotation speed detection
sensor and target materials corresponding respectively
to them. The detection disk 30 and the displacement
sensors 31, 32 can be responsible for these functions.
Therefore, the axial length on the fixed side of the mag-
netic bearing mechanism can be shortened, and, also
for the rotator, the necessity of providing both the rotat-
ing speed detection disk and the axial position displace-
ment sensor target can be eliminated. Therefore, the ax-
ial length of the rotator per se can also be shortened.
[0032] When the above method is used, regarding the
concave and the convex provided in the detection disk
30, even in the case of the provision of only either the
concave or the convex rather than the provision of a
combination of the concave and the convex, the dis-
placement signal and the rotating speed signal can be
computed by changing the construction of the signal
processing circuit.

[0033] FIG. 5 is a diagram showing the magnetic
bearing mechanism according to the second embodi-
ment of the present invention. FIG. 6 is an enlarged view
of a thrust disk 40 as the principal part of FIG. 5. In this
embodiment, a plane 33 for detecting the axial displace-
ment is provided in the thrust disk 40 formed of a mag-
netic material. Further, a concave 35 for forming a pulse
output for rotating speed detection is provided in the
plane 33 of the thrust disk 40. Axial detection displace-
ment sensors 41, 42 are disposed symmetrically at the
axial position corresponding to the concave 35. In the
embodiment shown in the drawing, the concave is pro-
vided. Alternatively, a convex may be provided instead
ofthe concave. According to the above embodiment, the
displacement sensors 41, 42 are disposed within the ax-
ial electromagnet 15.

[0034] FIG. 7 is a diagram showing an embodiment
of the construction of a control unitin the magnetic bear-
ing mechanism shown in FIG. 5. For example, the output
signal of one axial displacement sensor 36 is input into
an AC (alternating current) component extractor 45. The



9 EP 1 188 943 A2 10

AC component extractor 45 may be, for example, a filter
for cutting off the DC (direct current) component. There-
fore, the AC component is extracted from the displace-
ment sensor output signal in the AC component extrac-
tor 45, and is added to the signal output from another
axial displacement sensor 37 to offset the pulse signal
component corresponding to the rotating speed, and on-
ly the displacement signal component is extracted in the
displacement signal shaping section 46. As with the
above embodiments, the position of levitation of the ro-
tator in the axial direction is controlled by this signal.
Likewise, the pulse signal corresponding to the rotating
speed extracted in the AC component extractor 45 is
passed through the rotating sensor signal processor 26,
the rotating speed control unit 27, and the inverter 28
and is utilized for controlling the rotating speed of the
motor.

[0035] FIG. 8 is a diagram showing a variation of the
magnetic bearing mechanism according to the second
embodiment of the present invention, and FIG. 9 is an
enlarged view of the principal part of the magnetic bear-
ing mechanism shown in FIG. 8. According to this em-
bodiment, as with the second embodiment, a plane 33
for detecting the axial displacement is provided in the
thrust disk 42. Further, a notch (a concave) 35 for de-
tecting the rotating speed is disposed in the peripheral
portion of the thrust disk. Because of the adoption of this
construction, axial displacement sensors 38, 39 are dis-
posed in the outside of the wound section of the axial
electromagnet 15. The construction of the control unit,
which receives the output of the displacement sensors
38, 39, is also the same as that shown in FIG. 7. In the
embodiment shown in the drawing, a concave is provid-
ed. Alternatively, a convex may be provided instead of
the concave. As with the above embodiments, the out-
put of the displacement sensors 38, 39 permits the axial
displacement of the rotator to be detected from the de-
tection position of the plane 33 and permits a pulse sig-
nal corresponding to the rotating speed to be extracted
from the concave 35.

[0036] In this embodiment wherein the axial displace-
ment sensors 38, 39 are provided in the fixed portion on
the shaft end side of the magnetic bearing mechanism
and the plane 33 and the concave 35 are provided in
the thrust disk 40, the displacement sensors 38, 39 out-
put signals, obtained by simultaneous detection of the
levitation position (displacement) and the rotating speed
of the rotator, which are then processed in signal
processing circuits provided within the control unit,
whereby a position displacement signal and a rotating
speed signal of the rotator can be extracted. The use of
these signals in the control of the magnetic bearing ap-
paratus can eliminate the need to provide the position
detection disk. This can shorten the axial length of the
magnetic bearing mechanism, and, in addition, this
change in structure can reduce the number of compo-
nents for constituting the magnetic bearing mechanism.
[0037] The above embodiments illustrate examples of
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the present invention, and, for the number of displace-
ment sensors for axial position detection provided on the
same plane and the number of concaves and convexes
provided in the detection plane provided on the shaft
end side of the rotator, various combinations are possi-
ble and it is needless to say that, even when the number
of them has been change, the same effect as described
above can be attained.

[0038] As described above, according to the present
invention, the provision of a displacement sensor for po-
sition detection on the fixed side, the provision of a de-
tection plane facing this sensor on the rotation side, and
the provision of a concave and/or a convex provided in
this plane can realize simultaneous measurement of
both the displacement from the displacement sensor to
the plane facing the sensor and the rotating speed of
the rotator. Therefore, the structure of the magnetic
bearing mechanism particularly in its shaft end can be
simplified. This can reduce the number of components
and can realize size reduction.

[0039] The present invention has been described in
detail with particular reference to preferred embodi-
ments thereof, but it will be understood that variations
and modifications can be effected within the spirit and
scope of the present invention.

[0040] According to its broadest aspect the invention
relates to a magnetic levitation rotating machine for sup-
porting a rotator in a levitated state by magnetic force
of an electromagnet or a permanent magnet, said mag-
netic levitation rotating machine comprising: a detection
mechanism for detecting the displacement of the rotator
and a rotating speed of the rotator from an output of the
displacement sensor.

Claims

1. A magnetic levitation rotating machine for support-
ing a rotator in a levitated state by magnetic force
of an electromagnet or a permanent magnet, said
magnetic levitation rotating machine comprising:

a position detection plane provided in the rota-
tor and a concave and/or a convex provided in
the plane;

adisplacement sensor provided on a fixed side,
for detecting a displacement of the plane in-
cluding the concave or the convex; and

a detection mechanism for detecting the dis-
placement of the rotator and a rotating speed
of the rotator from an output of the displace-
ment sensor.

2. The magnetic levitation rotating machine according
to claim 1, wherein the displacement of the rotator
is detected by extracting, from the output of the dis-
placement sensor, the displacement of the plane
with the component representing the concave or the
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convex being removed therefrom.

The magnetic levitation rotating machine according
to claim 1, wherein the rotating speed of the rotator
is detected by extracting, from the output of the dis-
placement sensor, pulse output corresponding to
the concave or the convex.

The magnetic levitation rotating machine according
to claim 1, wherein

at least one pair of the displacement sensors is
disposed at an arbitrary angle to the center of
rotation of the rotator;

the detection plane is disposed so as to face
the displacement sensors;

the concave and/or the convex are disposed so
as to correspond to the positions of the dis-
placement sensors at the same angle as the ar-
bitrary angle, at which the displacement sen-
sors are disposed, to the center of rotation of
the plane; and

the position displacement and rotating speed of
the detection plane are computed from the out-
puts of the at least one pair of the displacement
sensors and are output to detect the displace-
ment of the rotator and the rotating speed of the
rotator.

The magnetic levitation rotating machine according
to claim 1, wherein the detection plane is disposed
in a thrust disk formed of a magnetic material, which
is an object to be controlled by an electromagnet for
axial levitation position control, provided in the ro-
tator.

The magnetic levitation rotating machine according
to claim 5, wherein the displacement sensors are
each disposed within the axial electromagnet.

The magnetic levitation rotating machine according
to claim 5, wherein the displacement sensors are
each disposed in outside of the axial electromagnet.

A magnetic levitation rotating machine for support-
ing a rotator in a levitated state by magnetic force
of an electromagnet or a permanent magnet, said
magnetic levitation rotating machine comprising:

a detection mechanism for detecting the dis-
placement of the rotator and a rotating speed
of the rotator from an output of the displace-
ment sensor.

10

15

20

25

30

35

40

45

50

55

12



EP 1 188 943 A2

FlG.7
R
S 21
=)
—1 20
== ]’9 Xl/"\v”

8l == U:EE:l:\\\\\¥
L J

== W=7 1
1 = == l
=T
32 31
F/1G.2C
30
— ~
T \ ____________
24 33 35 F/16G.2 5
30
Fl1G 2A 30 S
33
33
35
7 B ;
I N !
( —— }A:J
e 34 |
35




EP 1 188 943 A2

43
¢

4

g YOSN3S
NOT1J313d
VIXY

40.10W

E 9D/

V YOSN3S
NOI1LJ3130
WIXY

8¢ 12 9¢ YA
(1102419
] [ ] |
YILUINT = Faa3gs HOSNIS NI IS
ONILV10Y NO|LV10Y 43348
ON1LV10Y
(LInJ410 aav
LINDY¥1D
Sl H Wl Hoassao L wgls
Ge 124 £¢ 84
LINDVH
-0¥19313}~ 61
Wixv

i€




EP 1 188 943 A2

FlG. 4A E L
> V
(]
e 48 ; TIME, t
' £ | — I
()
TIME, t
-
3
Fl1G. 4C =
I I I
TIME, t
>
F1G. 4D 2
e
>

10



EP 1 188 943 A2

F/G. 5
R

[ =

0 35

‘
N
r
e
I———~1
\'\

1



EP 1 188 943 A2

9¢

4OSNIS
ININ3IVIdSId
VIXY

8¢ 13 9¢ G
m LINN 40$$3204d
! | 7041N0D TWN9IS | Y0LIVHLXT
| Y3LUIAN] a33dS 4OSNIS ININOdHO0D IV
m INILVI0Y NO1iV10Y
: LIN2YID NO 11936 |
| rind H horivs [ omsshodd L1 okidvish
: | ONILIOX3| | -N3dHO a1 yakaovids 1
§¢ pe £2 9F
\ ]
LINIVR
yolon | {-o¥19313
WIXY
Gl

Z 9D/ 4

4OSNIS
INIR3IIVIASIa

IXY
{

LE

12



EP 1 188 943 A2

F/lG. &
R

)

=== =1
sz szljhaa
L (\ | 39[
)
40 35
F/G. 9C
35
| |
5
18 35
F/lG. 98
F/G. 9A
33
— 33

35

35

13



EP 1 188 943 A2

FlG. 70

21

‘\>

12 —== %9 ="
,a\ﬁqtzu LIZ]L
== 17 —=Fr—— |15
1 — — I
e
{ 1 | I
-
1GJ
13
F/1G. 77
ROTAT ING XIAL
SPEED DN SPLACENENT~13 15 gLEVITATION SUPPORT) || MOTOR
DETECTION | |SENSGR LECTROMAGNET
SENSOR : 1
J
14
23 24 25
------------ s o
ENSOR
e i
PROCESS AMPLIF IER
27 28
{26 { {
g || g
> STGNAL CONTROL INVERTER
PROCESSOR UNIT

14




	bibliography
	description
	claims
	drawings

